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[57] ' ABSTRACT 

A dual resistance connector system is provided to allow 
the replacement of power regulators in a computer 
system without removing power from the operating 
voltage bus. The new power regulator can be “hot 
plugged” into the voltage bus without creating a volt 
age drop on the bus which could lead to voltage tran 
sients and logic errors. The low resistance bus bar is 
augmented by a retractable high resistance contact. The 
high resistance contact is con?gured to make electrical 
connection with the operating voltage bus before the 
low resistance contact. The establishment of a high 
resistance circuit allows charging of output ?lter capac 
itors without creating a large voltage drop on the oper 
ating voltage bus. As installation continues, the low 
resistance bus bar makes contact and is held in position 
by a fastener. The fastener is initially held out of electri 
cal contact by a compression spring. 

7 Claims, 2 Drawing Sheets 
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FIG.1 
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FIG. 2 
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DUAL RESISTANCE BUS CONNECTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to electrical connectors, 

more particularly, to electrical connectors for joining 
power regulators to a voltage bus. In particular, the 
present invention relates to a means of providing a bus 
bar connection with dual levels of resistance. 

2. Background of the Invention 
Power regulators for large computer systems such as 

the IBM ES/ 3090 supply power at low voltage (e. g., 1.4 
V, 2.1 V, 3.6 V) and high current (on the order of sev 
eral hundred amps), to the computer system. Typically, 
solid conductor bus bars connect this type of power 
supply to the voltage bus of the computer system. The 
solid bus bars are necessary to carry’ the high current 
flow. _ 

Large computer systems supporting a department or 
corporation must be extremely reliable and have high 
availability. One way of increasing reliability is to in 
clude redundant components so that component func 
tion can continue even if one of the components fails. A 
particular computer system may have several power 
supplies and, by adding at least one additional spare 
power supply, can be con?gured to operate when one 
of the power supplies fails. 

Replacement of a power supply while a computer 
system is operating introduces certain problems. In 
particular, connection of a replacement power supply 
to an operating voltage bus can lead to voltage tran 
sients on the bus resulting in irrecoverable logic errors. 
Transients occur because the output ?lter capacitors of 
the replacement power regulator are initially uncharged 
and, upon connection to an operating voltage bus, ap 
pear as a short circuit to the bus causing a momentary 
voltage drop on the bus while the capacitors are 
charged. 
The prior art suggests several solutions to the prob 

lem of charging the output ?lter capacitors. One ap 
proach is to add isolation diodes to the power regulator 
output to prevent current flow from the voltage bus. 
Diodes operating in a low voltage, high current circuit 
such as described herein would operate at a very low 
level of ef?ciency and would generate considerable 
heat. Neither of these results is desirable in a power 
regulator for computer systems. 
A second prior art solution is to provide a method of 

pre-charging the capacitors before connecting the 
power regulator to the voltage bus. This is described, 
for example, in IBM Technical Disclosure Bulletin Vol 
ume 27, No. 12, pp. 7239-7241. The disadvantage of this‘ 
approach is that technician training and monitoring are 
required to ensure that the connection of the AC input 
power, the charging of the capacitors, and the ?nal 
connection to the voltage bus occur in the proper se 
quence. Failure to follow the correct sequence could 
result in the undesirable voltage transients discussed 
above. A requirement for a two-step connection process 
increases the complexity and reduces the reliability-of 
the overall system. 

SUMMARY OF THE INVENTION 
The apparatus of the present invention is designed to 

overcome the disadvantages of the prior art by provid 
ing a power regulator connection system with two 
levels of resistance so that initial contact does not result 
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2 
in large voltage drops on the system voltage bus. The 
system of the present invention is directed toward pre 
charging power regulator ?lter capacitors without 
compromising the ef?ciency of the high current con 
nection. The invention provides a connector with high 
resistance during initial contact but with low resistance 
when the connector is fully engaged and operational. 
The present invention is directed to an apparatus for 

connecting a power regulator to a voltage bus while 
maintaining continuous operation of the voltage bus. 
The apparatus provides two electrical connectors, the 
second of which has electrical resistance greater than 
the ?rst. The second connector is located so that it 
makes electrical contact with the voltage bus before the 
?rst, lower resistance connector makes contact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1, is an exploded view of the connector system 
according to the present invention as incorporated into 
a power regulator package. 
FIG. 2 is a sectional view of the connector system 

according to the present invention showing the relative 
geometry of the connector. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention will be described with refer 
ence to the drawings where like components are identi 
cally numbered. While the invention is described with 
reference to the preferred embodiment, this embodi 
ment is not intended to limit the scope of the invention, 
which should be limited only by the language of the 
appended claims. 
FIG. 1 is an exploded view of a bus bar connector 

portion of a power regulator. A power regulator will 
have two bus bars such as that shown in FIG. 1, one 
providing for positive and one for negative connection 
to the DC current voltage bus. Each of the bus bar 
connectors is identical and only one will be described. 
Bus bar 100 is provided as a current path between the 

power regulator and the computer voltage bus. The 
power regulator (not shown) is connected to lower bus 
portion 102 while the voltage bus (not shown) connects 
to upper bus bar portion 104. The bus bar 100 is made of 
a highly conductive material such as copper. 
The bus bar 100 is fastened in tight contact with the 

voltage bus by bolt 106. This bolt provides for a good 
electrical connection allowing low resistance current 
?ow between bus bar 100 and the voltage bus. Belleville 
washers 108 are provided to ensure constant pressure of 
the bolt regardless of the signi?cant variations in tem 
perature arising during power supply operation. A 
metal ferrule 110 is provided to contain the Belleville 
washers and provide a contact point for spring 112. 

Spring 112 holds ferrule 110, and therefore bolt 106, 
away from bus bar 100 when the bolt is not engaged to 
the voltage bus. This is important to ensure that a high 
resistance portion of the bus bar contacts the voltage 
bus before the highly conductive bolt 106. The bolt 106, 
washers 108, ferrule 110 and spring 112 are slidably 
mounted in a recess in a plastic housing 114. 
A high resistance contact 120 is attached to :bus bar 

100 by a screw 122 and a washer 124. Screw 122 screws 
into hole 126 machined into bus bar 100. Other means of 
fastening, such as clipping or riveting, are within the 
scope of the invention. 
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High resistance contact 120 is, in the preferred em 
bodiment, made from spring temper stainless steel. 
Stainless steel is used because it has a higher resistance 
than plain steel. In the preferred embodiment, contact 
120 has a resistance of approximately 20 milliohms. The 
precise resistance value is not important but it must be 
high enough so that the voltage drop to the voltage bus 
during connection or contact is controlled. The output 
capacitors of the preferred embodiment take approxi 
mately 100 microseconds to charge. Therefore, the 
value of the resistor must be selected so that the capaci 
tors will charge before the bus bar 100 makes contact 
with the voltage bus. 
The cross section and length of the high resistance 

contact 120 are selected to provide the necessary resis 
tance. The shape of contact 120 is selected to provide 
necessary spring function while having the requisite 
length. 

Contact 120 is designed to ?t through hole 128 
formed in bus bar 100. Contact 120 must be spaced so 
that it is not in contact with the bus bar in the region of 
the hole. However, some contact during operation is 
permissible as long as the resistance path between the 
voltage bus and bus bar does not fall below the neces 
sary minimum. The length of protrusion 130 is selected 
to ensure that the minimum necessary resistance exists 
at all times. 

Spring temper steel is selected to allow repeated use 
of the high resistance contact. While other materials 
could be selected with higher resistance, they typically 
would not provide the reusability of spring steel. Many 
high resistance materials are malleable or brittle and 
would allow only a single use. 
The protrusion 130 of contact 120 is more clearly 

shown in FIG. 2. The length of the protrusion is se 
lected to ensure that contact 120 makes electrical 
contact with the voltage bus before bus bar upper por 
tion 104 or bolt 106 makes electrical contact. FIG. 2 
shows the voltage bus generally at 140. The voltage bus 
has voltage bus bars 142 and 144, representing positive 
and negative terminals. The connection to positive ter 
minal 142 is shown in greater detail. Floating nut 146 is 
provided to receive and secure bolt 106. Nut 146 is held 
in position by retainer 148. In the preferred embodi-v 
ment, contact protrusion 130 extends approximately 
three sixteenths of an inch beyond the face of upper bus 
bar portion 104. This length provides the necessary 
resistance during the insertion time for the power sup 
ply. 
The dual resistance bus bar contact operates as fol 

lows. The computer operator or technician is noti?ed of 
a power supply failure. The failed power supply is dis 
connected and removed from the voltage bus. A new 
power supply is selected and brought into position for 
mounting on the voltage bus. Prior to mounting, bolt 
106 will be in its retracted position (as shown in FIG. 2) 
while high resistance contact 120‘ will protrude as 
shown at 130 in FIG. 2. 

In the preferred embodiment, the power supply is 
guided into position by rails (not shown) that keep 
upper bus bar portion 104 substantially parallel to volt 
age bus 142. This mounting assembly assures that 
contact protrusion 130 makes contact with the voltage 
bus before any other part of the bus bar. The technician 
slides the power supply into position causing protrusion 
130 to contact the voltage bus and charging the output 
?lter capacitors. As mentioned above,~ a resistive pro 
trusion will exist in both the positive and negative termi 
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nal bus bars so that the complete circuit is established 
with a resistance double that of high resistance contact 
120. 
The charging of the output capacitors is completed 

before upper bus bar portion 104 or bolt 106 contacts 
the voltage bus. Because the output capacitors charge 
quickly, the technician or operator inserting the power 
supply need not pause during insertion but can continue 
‘to slide the unit into its home position. When upper bus 
bar portion 104 is in contact with voltage bus, the tech 
nician uses a tool to tighten bolt 106. Bolt 106 is drawn 
tightly against upper bus bar portion 104 establishing 
tight electrical contact with the voltage bus 142. The 
pressure of the voltage bus causes protrusion 130 to be 
pushed back through the hole 128 in the bus bar. Al 
though high resistance contact 130 will still be in elec 
trical contact with the voltage bus, the presence of the 
low resistance path through bus bar 100 will mean that 
high resistance contact 130 does not impede current 
flow. 

In the preferred embodiment, the electrical connec 
tion of the power supply to the voltage bus and to the 
AC power source occur simultaneously. Once the tech 
nician has tightened bolt 106 for each side of the power 
regulator, he or she then resets the protective circuit 
breakers and the power supply begins operation. 

It will be understood from the foregoing description 
that various modi?cations and changes may be made in 
the preferred embodiment of the present invention 
without departing from its true spirit. It is intended that 
this description is for the purposes of illustration only 
and should not be construed in a limiting sense. The 
scope of the invention should be limited only by the 
language of the following claims. 

This invention has been described with reference to 
the connection of a power regulator bus bar to an oper 
ating voltage bus. However, the concepts disclosed 
herein are applicable to any connector for connecting to 
operating busses, both voltage busses and logic busses, 
where it is important to control the initial contact cur 
rent ?ow. ‘ 

We claim: 
1. A connector apparatus for connecting a power 

supply bus bar to a voltage bus while maintaining con 
tinuous operation of the voltage bus, said apparatus 
comprising: 

?rst means for electrically connecting said bus bar to 
said bus, said first means having a ?rst resistance; 

second means for electrically connecting said bus bar 
to said bus, said second means having a second 
resistance higher than said ?rst resistance; wherein 
said second means is located with respect to said 
?rst means such that said second means contacts 
said bus before said ?rst means when said bus bar is 
being connected to said bus. 

2. The connector of claim 1 wherein said second 
means protrudes through a hole formed in said first 
means. 

3. The connector of claim 1 wherein said second 
means is a contact formed from stainless steel. 

4. The connector of claim 1 wherein said second 
means is a spring contact formed from spring temper 
stainless steel and wherein said spring contact is de 
pressed into a retracted position by said voltage bus. 

5. A connector system for electrically connecting a 
?rst bus having an operating voltage to a second bus 
without voltage, said system comprising: 
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?rst connector means for electrically connecting said 
?rst bus to said second bus, said ?rst connector 
having a ?rst electrical resistance, 

second connector means for electrically connecting 
said ?rst bus to said second bus, said second con 
nector means located on said second bus to contact 

said ?rst bus prior to contact by said ?rst connector 
means as said second bus is connected to said ?rst 
bus, and said second connector means having a 
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second resistance higher than said ?rst resistance to 
limit current ?ow from said ?rst to said second bus. 

6. The power supply as claimed in claim 5 wherein 
said second connector means is a spring formed from 
stainless steel. 

7. The power supply of claim 5 wherein said second 
connector means is inserted through an aperture in said 
second contact and is electrically connected to said 
second contact. 
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